The dyeing of wool, silk, cotton, ramie, nylon, acrylic and polyester fabric by using the extracts from mulberry branches and trunks was tried and the dyeability was studied. While the dyeability of the ethanol-extracts from mulberry is low, that of the water-extracts is high for wool, nylon and silk fabrics. They are dyed brownish and yellowish colours. The obtained colours depend on the extracts concentration in the dye solution, dyeing time, dye solution pH and dyeing temperature. Wool, nylon and silk fabrics are dyed deeper with an increase in the dyeing temperature. The mulberry extracts show fluorescence and reducing property. The results indicate that the mulberry extracts contain flavonols such as morin, kaempferol or quercetin, which form complexes with Al 3+ and show fluorescence. The wool treated with the mulberry extracts or
Introduction
Mulberry (Morus) trees belonging to the family of Moraceae are important plants that have been used for sericulture to produce silk fibres as it is generally well known. The leaves, fruits and root barks of mulberry trees have long been *The part of the data of this study were presented by the authors at the Annual Meeting of The Textile Machinery Society Japan on 5-6 June (2015) at Osaka, Japan (Proceedings: 68, 100-101), the 13th Asian Textile Conferenceon 3-6 November (2015) at Geelong, Australia (Proceedings ID: 3(C),from the peels with water in an ultrasonic bath and wood samples were treated by immersing into the solution containing the extracts. The colours (absolute colour values) obtained in the study were not described in the article, and it is estimated from the change in ΔL*, Δa* and Δb* values that the wood may be coloured brown.
The exploitation and development of novel sustainable dyestuff materials and the effective utilization of industrial wastes are very important to establish a sustainable society and achieve environmental preservation. Under such a situation, the authors tried to dye fabrics with mulberry extracts in the study. The dyeing of fabrics by using a dyestuff obtained from waste mulberry branches and trunks has not been studied aiming to apply the dyestuff to industrial uses. If a useful dyestuff could be obtained from the mulberry extracts, it is expected that the technique will contribute to the efficient use of mulberry wastes. The characteristics of mulberry trees are as follows: 1) the photosynthetic rate and the growing rate of tree are high [3] , 2) useful parts are many in the whole plant, 3) ecological [1] , 4) mulberry is generally grown without pesticides and so on. Therefore, it is a great advantage to take dyestuffs from mulberry branches and trunks from the viewpoints of productivity, sustainability, ecology and safety. It can be said that the mulberry branch dyestuff could be a useful dyestuff in the future.
In the study, the dyeability of the extracts from mulberry branches and trunks for natural and chemical fibres such as wool, silk, cotton, ramie, nylon, acrylic and polyester fabrics was investigated as a first step. The properties of the mulberry extracts were also examined.
Experimental

Extraction from Mulberry Trees
The mulberry branches and trunks (Morus australis and Morus lhou) were obtained from the mulberry field of Kyoto Institute of Technology. The woods with barks were crashed by a mill (Osaka Chemical Wonder Blender WB-1) and were extracted with ethanol (purity: 99.5%) at 78˚C or distilled water at 100˚C for 4 h.
The extracts were concentrated and dried. The dried mulberry extracts were ground into powder.
Fabrics
The wool fabric (tropical, Shikisensha), silk fabric (Kinu Habutai, Shikisensha, basis weight: 52.5 g•m −2 , fabric count: 135 × 98 per inch, plain weave), cotton fabric (broad, Shikisensha), ramie fabric (broad, Shikisensha), nylon fabric (tafta, Shikisensha, basis weight: 60.4 g•m −2 , fabric count: 108 × 82 per inch, plain weave), acrylic fabric (muslin, Shikisensha) and polyester fabric (tafta, Shikisen-
sha, basis weight: 71.8 g•m −2 , fabric count: 120 × 90 per inch, plain weave) were cut into 5 cm squares and used for the dyeing experiments.
Dyeing
The oily mulberry extracts (0.50 g), which were obtained from the extraction with ethanol, were dissolved into 49.5 g of ethanol/distilled water mixed solvent (1:1 of mass ratio). Wool fabric sample was immersed first into distilled water at room temperature (RT) for 10 s and then into the mulberry extracts solution at 40˚C for 3 h. The dyebath was shaken at 80 strokes per minute. The powder mulberry extracts, which were obtained from the extraction with distilled water, were dissolved into distilled water to prepare 2.0 wt% solution. Each of the fabric samples was immersed first into distilled water at RT for 10 s and then into the mulberry extracts solution at fixed temperature (30˚C -90˚C) for 3 h. The dyebath was shaken at 80 strokes per minute. The liquor ratios were 179:1 for silk, 66.0:1 for wool, 90.6:1 for cotton, 80.1:1 for ramie, 160:1 for nylon, 108:1 for acrylic and 157:1 for polyester. Each of the fabric was washed with 50 ml of 2.0 wt% marseille soup solution at 40˚C for 10 min, rinsed with 100 ml of distilled water at 40˚C for 5 min twice and air-dried.
Colour Measurements
The obtained colour of the fabric samples was measured by using a Konica Minolta CM-2600d spectrocolourimeter and the resulting colour was expressed in L*a*b* standard colourimetric system (CIE 1976 
Ultraviolet-Visible Absorption Spectrophotometry and Fluorescence Spectroscopy
The measurements of the ultraviolet-visible (UV-Vis) light absorption spectra for the mulberry extracts aqueous solutions were made by a Hitachi U-3900H spectrophotometer at RT. The sample solutions were prepared by dissolving mulberry extracts powders into freshly distilled water. Acidic or basic mulberry extracts solution was prepared by dissolving the powder into 2.0 × 10 −2 M citric acid aqueous solution or 1.0 M Na 2 CO 3 /NaHCO 3 aqueous solution, respectively.
All of the sample aqueous solutions were measured at RT.
The fluorescence spectra of the mulberry extracts solution samples were measured by a JASCO FP-6500 fluorescence spectrophotometer at RT. The mulberry extracts powder (1.0 × 10 −2 wt%) or the powder (1.0 × 10 −2 wt%) and
AlCl 3 (0.050 M) were dissolved into freshly distilled water to prepare solutions.
Reducibility of Mulberry Extracts
As one of the evaluation techniques of the reducibility of mulberry extracts, the free radical scavenging method using 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) was adopted. The DPPH method is a common antioxidant assay widely used [6] . and the index of reducibility (R AC ) was estimated from the slope. R AC is determined from the absolute value of the slope.
Results and Discussion
Dyeability of Mulberry Extracts
Orange On the other hand, brown powders were obtained by the extraction with water. The yield of the dry powder from the branches and trunks is 8.74% in mass.
It was found that wool is dyed with the mulberry water-extracts aqueous solution unlike the ethanol-extracts solution. Then, the dyeability of the mulberry extracts for silk, cotton, ramie, nylon, acrylic and polyester fabric in addition to
wool was examined. Only the mulberry water-extracts were used in the subsequent studies. The results show that acrylic and polyester are not dyed at all, cotton and ramie are dyed a little (actually almost not), whereas silk and nylon are dyed with the mulberry extracts, as well as wool. The dyeing results are summarised in Table 1 . And the photographs of the wool, silk and nylon fabrics before and after the treatment with the mulberry extracts are shown Figure 1 .
The wool is dyed light yellowish ocher, silk is dyed yellowish brown and nylon is dyed vivid yellow as shown in Figure 1 . show that the dyeabilities are due to such the chemical characteristics and higher ordered structures of the fibres. In fact, the fibres are dyed with acid dyes and their dyeability against a sort of dye molecules is very similar.
The dependence of the dyeability of wool on the mulberry extracts concentration or the dyeing time was also examined [7] . The results show that the higher dyeability (lower L* and higher b* values) is obtained by using higher concentration of the mulberry extracts and with longer dyeing time, as expected.
The colour fastness for the fabrics dyed by the mulberry extracts to washing and light are studied by the authors and will be reported.
Dyeability According to Solution pH
It is well known that the colour of natural pigments change with pH [8] or the copigmentation [9] . The dyeability of wool, silk, and nylon is affected by pH in the case of the dyeing with acid dyes [10] . Then, it is interesting to investigate the pH effect of the mulberry extracts dyeing solution on the dyeability. The lower pH aqueous treatment solution was prepared with the mulberry extracts and citric acid (2.0 × 10 −2 M). The medium pH solution was prepared with only the mulberry extracts. The higher one was prepared with the mulberry extracts and Na 2 CO 3 /NaHCO 3 (1.0 M). Figure 2 shows the photographs of the wool fabrics treated with the mulberry extracts solutions of each of the pH (2.5, 6.5 and 9.5). The colour of the wool dyed at pH = 2.5 is more yellowish as compared with that of the sample at pH = 6.5 and that at pH = 9.5 is a little reddish. The L* and b* values of the sample at pH = 2.5 (83.0 and 36.7, respectively) are higher and those at pH = 9.5 (80.7 and 20.5, respectively) are lower than those at pH = 6.5 (81.8 and 27.7, respectively). The results show that the wool is dyed slightly yellowish at lower pH and slightly reddish at higher pH by the mulberry extracts.
It is expected that the pH dependence of the obtained colour of the dyed wool may be caused by the change in colour of the extracts in the dyeing solution. would be chiefly anionic, lower pH of the solution is suitable for higher dyeability and if they would be cationic, higher pH is dye suitable. Only one of the dyeability obtained at lower or higher pH should be increased if the charge of keratin would primarily control the colour. Therefore, it concludes that the pH dependence of the obtained colour of the wool may be due principally to the colour change of the pigments.
Dyeability According to Dyeing Temperature
It is also generally well known that the dyeing results are significantly influenced by the dyeing temperature [14] . Therefore, it is important to investigate the temperature dependence of the dyeability for the mulberry extracts. The dyeability of wool, silk and nylon using the mulberry extracts was examined.
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The change in the resulting colours of dyed fabrics depending upon dyeing temperature was observed. The colours of the three kinds of dyed fabrics become commonly more brownish and darker with an increase in temperature. The deepest colours for dyed wool, silk and nylon are obtained at 90˚C. The obtained colour values are summarised in Table 2 
cording to the dyeing temperature are shown in Figure 4 . The results show that the a* of dyed wool and nylon shifts first to lower and then higher with an increase in the dyeing temperature, whereas that of silk increases monotonously with the temperature. The b* of dyed wool and silk increases monotonously with the temperature, meanwhile that of nylon increases once with the temperature and decreases at over 50˚C. The L* of the three kinds of fibres decreases with increasing temperature. The obtained colours for the three kinds of fibres can be said to depend strongly upon the dyeing temperature and their dyeability is highest at 90˚C. However, the hue or chromaticity of dyed colour for nylon fabric changes from yellow to yellowish brown with increasing dyeing temperature.
The amount of dyestuffs adsorbed onto fibres, their distribution in fibre materials, the sort and the composition of pigments adsorbed and so on are strongly controlled by dyeing temperature and then the dyeing results (obtained colours)
are associated with them. If the mulberry extracts contain pigments, which work as a reductant, the colour of the pigment could be changed by oxidation. The oxidation reaction of the pigments may be promoted by heating. Therefore, there is a possibility that the higher temperature during the dyeing accelerates the oxidation of the pigments of the extracts. However, the change in the colour of the dyeing solution was not observed even at higher temperatures. Figure 5 shows the absorption spectra for the mulberry extracts aqueous solution before heated and 3 h after heated. Both of the spectra are very similar. The results
show that the pigments contained in the mulberry extracts do not change chemically during the dyeing at higher temperatures and the differences in the resulting fabric colour may be induced by an another mechanism. The dyeing rate increases with increasing temperature within a certain dyeing time [14] . It is estimated that the increase in the diffusion rate of pigment molecules in wool, silk and nylon fibres might contribute to deepen the dyeing colours. Further investi gation is needed to clarify the mechanism. 
Properties of Mulberry Extracts (Fluorescence and Reducibility)
Morin, isorhamnetin, kaempferol, quercetin and myricetin show fluorescence, when they form a complex with Al 3+ [15] . The results indicate that the mulberry extracts contain flavonols such as morin and quercetin as described previously.
If they contain such the flavonols, they show reducing property. It is known that the many flavonoids show antioxidant characteristic. Then, the reducibility of mulberry extracts was examined by DPPH method. Figure 10 shows the plot of DPPH method to determine the reducibility of the mulberry extracts. The obtained R AC value that is an index indicating reducibility, for the mulberry extracts is 16.1. The obtained R AC value for a standard reductant compound, DL-α-tocopherol, under the experimental condition is 546.
The R AC value for the mulberry extracts is smaller than that of DL-α-tocopherol. However, the result shows that the mulberry extracts have reducing property.
The results indicate that flavonoids contained in the extracts may play an important role for the dyeing as dyestuffs. Further analytical study is needed to know the composition of mulberry extracts.
Conclusion
The wool, nylon and silk fabrics are dyed brownish and yellowish colours by the extracts from the mulberry branches and trunks, which are extracted with hot water. The obtained colours depend on the extracts concentration in the dye solution, dyeing time, dye solution pH and dyeing temperature. The mulberry ex- Figure 10 . Plot of absorbance at 520 nm (A 520 ) of DPPH buffer (MES) solution mixed with mulberry extracts against the concentration of mulberry extracts (c).
tracts show fluorescence and reducing property. It is indicated that the mulberry extracts contain flavonols, which form complexes with Al 3+ . The wool treated with the mulberry extracts or AlCl 3 /mulberry extracts shows fluorescence and the emission intensity is increased by the combination with AlCl 3 .
